Introduction Cardiovascular disease is the 2nd leading cause of long-term morbidity and mortality in cancer
INTRODUCTION
Since the start of the 2000s, advances in cancer diagnosis and treatment have led to a significant increase in the number of cancer survivors, with an estimated 15.5 million in the United States alone as of January 2016 1 . With fewer patients dying of cancer, long-term toxicity related to cancer therapy has become a growing concern 2 . Cancer and cardiovascular disease are the two leading causes of mortality in Canada and the United States 3 . Multiple factorsincluding age, genetics, lifestyle factors, and increasingly, the cardiotoxic effects of cancer therapies-place cancer patients and survivors at risk of heart disease [4] [5] [6] .
The cardiotoxicity of traditional cytotoxic chemotherapy agents, such as anthracyclines, has been well established 7 . The improved understanding of cancer biology has led to an increasing number of targeted therapies being introduced into clinical practice, including small-molecule tyrosine kinase inhibitors and monoclonal antibodies that target various oncogenic drivers. Although clinically effective, those cancer treatments have been associated with cardiovascular toxicity 8 antibody that targets her2 (the human epidermal growth factor receptor 2), has shown significant clinical benefit in her2-positive early and advanced breast cancer. However, a meta-analysis of adjuvant trastuzumab trials demonstrated a 2.5%-4% incidence of heart failure 9 . Inhibitors of vascular endothelial growth factor receptor (for example, sunitinib, sorafenib, bevacizumab), commonly used in gastrointestinal and genitourinary cancers, are associated with hypertension 8 . Immunotherapy (for example, pembrolizumab) has greatly improved outcomes in cancers that have traditionally been difficult to treat, such as metastatic melanoma and advanced non-small-cell lung cancer 10, 11 . However, when given in combination (for example, nivolumab-ipilimumab), they have, in rare cases, led to fulminant myocarditis 12 .
In recognition of the potential cardiotoxic effects of known and novel cancer therapies, cardiologists, oncologists, and other allied health care professionals are now working together toward the goal of optimizing cancer care while maintaining cardiovascular health 13, 14 . Dedicated cardio-oncology clinics (cocs) have emerged across North America and internationally to manage patients who are at risk for, or who have developed, cardiotoxicity while receiving cancer therapy. A recent publication by Lancelloti et al. 15 provides guidance to those interested in starting a cardiooncology program, including objectives, organization, and implementation. But despite the growing interest in this emerging field, there is a paucity of data about the impact of such clinics on patient care and clinical outcomes.
In 2008, we established the first dedicated multidisciplinary coc in Canada at The Ottawa Hospital 16 . The clinic, staffed by 4 cardiologists on a rotating basis, operates 1 afternoon each week. The clinic offers expedited access for cancer patients to specialized cardiac care. Referral criteria include pre-chemotherapy cardiac optimization, change in left ventricular ejection fraction (lvef) during cancer therapy or suspected cardiac dysfunction related to cancer treatment, and cardiovascular complications after cancer treatment. Monthly cardio-oncology rounds, during which cardiologists, oncologists, and allied health care providers meet to discuss challenging cases for shared learning, complement the clinic. Here, we report on the demographics and clinical outcomes of cancer patients referred to The Ottawa Hospital coc.
METHODS
All cancer patients referred to the coc between October 2008 and October 2015 were included in this retrospective observational study. Data including patient demographics, cancer type, stage at diagnosis, biomarkers (for example, estrogen receptor status), cancer therapy (including anthracycline and targeted therapy exposure), and reason for referral were collected from electronic charts held in The Ottawa Hospital electronic medical record system. Cardiac risk factors collected included body mass index, history of smoking, dyslipidemia, hypertension, history of coronary artery disease, family history of early cardiovascular death, and past medical history of heart conditions. Results of left ventricular function assessments (by echocardiography or multigated acquisition imaging) before and during cancer treatments, and cardiac medications and interventions were recorded. Clinical outcomes measured included completion of prescribed cancer therapy, recovery of left ventricular (lv) function, and overall survival. Changes in lvef were calculated based on percentage differences from the baseline assessment. Per institution policy, most patients underwent lvef assessment by multigated acquisition imaging or the Simpson biplane method for echocardiography before commencing cancer therapy. Additional cardiac investigations were performed at the discretion of the treating physician or every 3-4 months for patients receiving trastuzumab-based therapy for early-stage breast cancer. Radiation therapy data were not complete in our patient population and so were excluded from the present study. Descriptive statistics are used to report patient characteristics and outcomes as means with standard deviation or medians with interquartile range.
RESULTS

Patient Demographics and Baseline Data
Between October 2008 and October 2015, 779 patients (516 women, 66%; 263 men, 34%) were referred to The Ottawa Hospital coc. Table i shows baseline patient characteristics, demographics, and the most common reasons for referral to the coc. Median age of the patients at the time of cancer diagnosis was 60 years (range: 18-90 years). The most common malignancy was breast cancer (n = 408, 52%), followed by gastrointestinal cancer (n = 131, 17%), genitourinary cancer (n = 90, 12%), hematologic cancer (n = 55, 7%), lung cancer (n = 40, 5%), and other less common tumour types (n = 55, 7%). Most patients (n = 544, 70%) had stage i-iii disease; 211 patients (27%) had metastatic disease. In 24 patients (3%), disease stage was unknown at diagnosis. Median baseline lvef in the study population was 58.7% (range: 20.0%-80.0%).
Reasons for Referral
The most common reasons for referral were decreased lvef (n = 255, 33%), pre-chemotherapy cardiac risk assessment (106, 14%), and arrhythmias (106, 14%). Less-common reasons included coronary artery disease, heart failure, and hypertension. Patients had a median of 2 cardiovascular risk factors (range: 0-10 risk factors) at the time of referral to the coc, the most common risk factors being smoking (n = 350, 45%), hypertension (n = 337, 43% ), obesity (n = 218, 28%), and hypercholesterolemia (n = 208, 27%). As seen in Figure 1 , most of the 408 breast cancer patients (n = 203, 50%) were referred because of a decrease in lvef. The most common reason for referral in gastrointestinal cancer patients was coronary artery disease (n = 30, 27%); in genitourinary patients, it was hypertension (n = 20, 22%).
Systemic Therapy
Most patients-430 in the first line, and 253 in the second line-received systemic therapy (Table ii) . First-line therapy included chemotherapy alone (n = 186, 43%), targeted therapy alone [monoclonal antibodies or tyrosine kinase inhibitors (n = 35, 8%)], and combined therapy (chemotherapy and targeted therapy, n = 209, 49%). In the second line, 253 patients received either or both of chemotherapy and targeted therapy. Of the 186 patients who received chemotherapy alone or in combination as first-line therapy, 92 (49%) were exposed to anthracycline-based regimens. The median dose of epirubicin was 280 mg/m 2 , and the median dose of doxorubicin was 231 mg/m 2 . For patients with advanced cancer, the median number of first-line cancer therapy cycles (including targeted therapy and chemotherapy) was 6 (range: 0-59 cycles); for second-line cancer therapy, the median was 6 cycles (range: 0-70 cycles).
Rates of Cancer Therapy Completion
At October 2015, most patients who were prescribed chemotherapy (n = 611, 78%) had successfully completed their cancer therapy (369, 60%, Figure 2 , Table iii) . Treatment was ongoing in 50 patients (8%), and 192 patients (31%) had discontinued their chemotherapy for various reasons, the most common being change in clinical status (for example, disease progression). Most breast cancer patients with lv dysfunction (n = 39, 72%), whether mild (lvef 40%-49.9%), moderate (lvef 30%-39.9%), or severe (lvef <30%), were able to complete their cancer treatment. In patients with gastrointestinal and genitourinary cancers and moderate or severe lv dysfunction, the most common reason for hospital admission was cardiovascular dysfunction (n = 10, 29%). One cardiac death occurred in the breast cancer group (2%), in a patient with severe lv dysfunction. With respect to rates of targeted therapy completion, 172 patients (45%) completed their first targeted therapy as prescribed, and 52 (14%) were receiving ongoing therapy (Table iii) . Another 150 (39%) discontinued their targeted therapy, most for cardiac causes (n = 64, 43%), followed by cancer progression or death (n = 48, 32%).
Outcomes
Table iv presents clinical outcomes. Most patients (n = 436, 56%), before commencing cancer treatment, underwent baseline cardiac imaging (echocardiography: 281 patients, 64%; multigated acquisition imaging: 140 patients, 32%; other or combined modalities: 15 patients, 3%). Subsequently, cardiac imaging was performed at the discretion of the treating physician, except in patients who were taking adjuvant trastuzumab, who underwent mandated cardiac assessments every 3-4 months per the product monograph. Median pre-chemotherapy lvef was 61% (range: 30%-88.3%). A large proportion of the 502 patients who experienced some change in lvef experienced at least 1 episode of decrease in lvef from their baseline (n = 349, 70%). In 128 of those patients (37%), the decrease was in the 10% -19.9% range, and in 50 patients (14%), the decrease in lvef was 20% or more ( Figure 3 , Table iv ). Considering all lvef results at any point in time (excluding baseline lv function), 176 patients (23%) had a measured lvef less than 50%, and 122 patients (16%) had a measured lvef less than 45%. Of the 349 patients experiencing any decline in lvef, 139 experienced recovery of lvef to baseline (40%), and a further 41 experienced partial recovery (12%). Further decline in lvef occurred in 56 patients (16%), and 113 patients (32%) achieved a stable lvef. At the time of cardiac consultation in the coc, 432 patients (55%) were taking cardiac medications: 27 (6%), an angiotensin-converting enzyme inhibitor (acei) or its equivalent (an angiotensin ii receptor blocker) alone; 22 (5%), a beta-blocker alone; 9 (2%), a combination of an acei and a beta-blocker; and the remaining 374 (87%), various combinations of cardiac medications. The coc referral and consultation prompted the addition or initiation of 1 or more cardiac medications in 322 patients (41%): 57 (18%), an acei; 38 (12%), a beta-blocker; and 46 (14%), both an acei and a beta blocker. The remaining 181 patients (56%) were treated with various cardiac medications. Of all the patients referred to the coc, 703 (90%) were optimized on cardiac medications.
At October 2015, most patients (n = 643, 83%) were still alive, and 132 patients (17%) had died. Clinical outcome was unknown for 4 patients (0.5%) because of incomplete follow-up (Table v) . Most deaths were attributable to cancer progression (n = 114, 86%); the rest were attributed to cardiac causes [for example, atrial fibrillation, pericardial effusion, diastolic heart failure (5%)], and other causes (9%).
DISCUSSION
Since the early 2000s, cardio-oncology has evolved as a subspecialty in medicine, with the goal of coordinating the delivery of cancer therapy while simultaneously optimizing cardiovascular health. In 2008, a dedicated coc was established at The Ottawa Hospital to optimize the care of cancer patients at our centre without compromising short-and long-term cardiovascular health. Although breast cancer patients initially represented the greatest proportion of referrals to the clinic, the emergence of other therapies with the potential for cardiotoxicity has led to a more diverse referral population.
To minimize the short-and long-term sequelae of cancer treatment, it is essential to support the partnership between medical oncology, cardiology, and other health care professions tasked with caring for cancer patients who have, or who are at risk of, cancer therapy-related cardiac dysfunction. Despite growing interest in the subspecialty of cardio-oncology, most cancer patients in Canada and globally are not being screened for cardiovascular risk factors before initiation of potentially cardiotoxic cancer treatment.
There are many benefits to implementing a coc. Patients receive expedited access to a cardiologist who has knowledge of the impact of cancer drugs on cardiovascular health. Cardio-oncologists will risk-stratify, diagnose, and manage patients with cardiovascular disease-either underlying or secondary to cancer therapy. Growing interest in cardio-oncology has led to the emergence of clinics across the globe; however, there are currently no accepted standards defining the structure, goals, or outcome measures for those programs. Quality measures have not been clearly defined in the literature, but optimizing cardiac health while continuing anticancer therapy should be the primary goal. In our experience, most patients referred to our clinic were able to complete their prescribed cancer therapy either with temporary interruptions in cancer treatment or with appropriate interventions for the concurrent management of their cardiovascular disease (or both).
We readily acknowledge that the present study has limitations. The follow-up period is relatively short and a comparison group (not referred to a coc) is lacking. To include a comparison group would involve acquiring data from another centre, a large task that comes with its own limitations. Alternatively, a potential comparison cohort of cancer patients not referred to the coc at our own centre could have included breast cancer patients diagnosed before 2008. Using that group would have been challenging given the advances in cancer treatments since 2008; finding adequate controls treated with similar systemic therapies would be unlikely.
Our dataset has inherent bias, given that patients referred to the coc were more likely to have pre-existing cardiac dysfunction. However, we are presenting only descriptive data, and we do not believe that such bias negatively affects our results. We were unable to include data relating to left-sided and mediastinal radiation. Those data are being collected, but they were not robust enough to be included in the present analysis.
Cardiac imaging was limited to multigated acquisition imaging and echocardiography. Detection of cardiotoxicity has evolved in recent years to include echocardiography with myocardial strain imaging and serum biomarkers (brain natriuretic peptide and troponin); however, those tools require further standardization before they can be considered the standard of care 17 .
We did not collect data about patient satisfaction from patients referred to our clinic. That measure should be one of the quality metrics for established and emerging cardio-oncology programs. From other causes 12 (9) Lost to follow-up 4 (0.5)
Interest in the development of multidisciplinary clinical programs that offer cardio-oncology services is growing. Pareek et al. 18 recently reported their 5-year experience of patients referred to a coc in the United Kingdom. In their descriptive analysis, they found that implementation of standardized protocols can achieve optimization of the cardiovascular status of patients at high baseline risk or with established myocardial toxicity, leading to high levels of cancer treatment.
Although randomized evidence demonstrating the benefit of cocs is nonexistent, expert opinion supports their implementation. The Canadian Cardiovascular Society cardio-oncology guideline endorses the use of a multidisciplinary approach in this patient population 14 . Strategies for organizing and implementing cardiooncology services was recently published by the European Society of Cardiology 14 . Around the world, cocs are becoming commonplace; however, no standardized quality indicators to evaluate their benefit have been developed. The data presented here are important in demonstrating merit for the implementation of cocs and their role in the multidisciplinary care of cancer patients.
CONCLUSIONS
Given the results of our research, the present work represents a call to action for established and emerging multidisciplinary cocs globally to report data for patient demographics, referral patterns, cardiac treatment and outcomes, and patient experiences. Such initiatives will further advance knowledge and understanding about how to provide optimal care for this patient populationespecially in the context of the rapidly evolving field of novel antineoplastic agents.
